
/ .......:e',

I1. LOUIS. MO.



CO_L _o. c_4z75 . m_

REVISED

(Title Unclustfted)

/ _ - ATLAS NO. ,,5 (1@.-5)

'
SPAC_CPa_T_0. 9.,,

86_ _ am_xL _o.
/

q

.... s'r. -ou,s. m._'m_- I'ke. 5_6 0 _-_0//

J
THin lllI,A_l_ CONTAINS INFORMAT_G THE NATIONAL

OEFENSE Oli_J_UNITED STAT_J_E;rTHIN THE MEANING OF THE
ESPIONAGE LAW_E III J,i_l_._... SECTIONS 793 ANO 794. THE
TRANSMISSION onlg_lidk_lrgDF WHICH IN ANY MANNER TO'AN

UNAUTHOm_W.

C_..7

H. V. Walden
Sr. Flight Test En@r.

_'BY

_BT

.i.c. weJ.d_e_.
Flight _est ]_t_ Senior En@r. , _ Fl_t_e_ En_r.'

APPROVED BY

rty--

• cu_._,_ _t_,l,



jA_-

+;

MCDONNELL
OAT'= "0 Maz'cJ:l 1_2 ST.LOUIS,mssoum PAOE

.Kvas_o .s_o.T

_-,v,s-o Moo,_,.
• ,, , i

8633

133

SUB-TITLE PAGE

In addition to the personnel whose signatures appear on the title l_e,

concurrence with the contents of this report is also acknowledged by the follow-

ing.

_. P. _o_,
Pt_,Ject Stz'm_h Eng,:Lneer

E. A. Rood

Senior Group Engineer, Thermodynamics

F. J. S=Ith
ect Test Coordinator

T__R, zer

Senior Controls Dynamics Engineer

- _. ,_.c=_
Sr. Grp. Aerodynamics En61neer

P. J. •Werdee
Project Structural Dynamics Engineer

I" o

R. B. MAck

Project Propulsion Engineer

Edite_ By
L. A. Beal

Flight Test Div. Reports



OATE 6 Y_Z'd_ 1_)62

nevisto • •

RFVISEO

MCDONNELL
ST, LOUIS, MISSOURI PAGE

._po.v 8633

Mooeu 133

INDEX OF REVISIONS

DATE
PAGES AFFECTED.

REVISED ADDED REMOVED
i

REMARKS

NOlle

REVISED BY APPROVED

MAC 251X (REV ='3 JUN 811



DATE

REVISED

REVISED

6 F_z'ch 1_2
MCDONNELL

ST. LOUIS, MISSOURI PAGE

REPORT

MODEL

8633

133

J

)

LIST (_ PAGES

Tnla z_poz_ eoet, slej the following 180 IN_es.

Title
t
!!
Itl
iT
T
TI
T11
rill

1.0

2.0
2.1

_.0

3.0

3.16

7.0

7.122

MAC Z$1U (IIEV I AUG Ill



DATE

REVISED

REVISED

6 _/ch i_62

MCDONNELL

ST. LOUIS, MISSOURI PAGE

REPORT

MODEL

lv

'8633

C011,11_1,1_

OF RBVISlOBB

RREFACE

l.O

2.0

3.0

4.0

FLIGHT SUm_ff

]]T_DUCTIOlq

DATA ACQUISITION

IhqTA PROCESSIN3

4.1 General

4.2 PAN Telemetry D_t_

4.4 Camrs Dsta

4_5 8unriae aa, l. Sunset at 8pscecra_

4.6 Temperatures

4.7 Orle_tlon of Sun to Sl_cecraf_ and Theruocouples

SYS_ OPERATION

5.1 Atla4 Booster Performsnce

5.2 8eque_lal System

5.3 Acceleroteter Da_

5.3.1 Z Axis

5.3.2 X _I Y Ax/s

N_ber_

II

III

viii

1.0

2.0 - 2.1

3.0 - 3.16

4.0 - 4.5

4.0

4.0

4.0 - 4.2

4.2 - 4.3

4.3 - 4.4

_.J_ - 4.5

4.5

5.0 - 5.16

5.0

5.0 - 5.1

5.1 - 5.2

5.1 - 5.2

5.2

MAC 2SIU (REV I AUG I1_



DATE

REVISED
REVISED

MCDONNELL
ST, LOUIS, MISSOURI PAGE

REPORT

MODEL

'r

_3

cmrnuiTs (Co_'d.)

5._

5.5

5.6

Specification Temperatures .-

5.4.1 RCS Low Roll H202 Limes

5.4.2. _ Yav H202 Ltoe

5.4.3 Retro-Rocket

5.4.4 Transmitter

5.4.5 150 VA M_tn Iaverter

5._.6 250 VA M_In Inverter

Attitude and Reaction Control System

5.5.1 Attltude Control

5.5.2 Ruction Control

Electrical System

5.6.1 DC Volt_e Monitor

5.6.2 DC Current Monitor

5.6.3 7-Volt AC Monitor

5.6.4 llS-Volt AC Monitor

5.6.5 18-Volt DC Isolated Bus Monitor

5.6.6 18-Volt DC Standby Bus Monitor

5.6.7 ASC5 AC Volta4_e Monitor

5.6.8 Blood 1>ress_re Pump Volta6e Menitor

5.6.9 Command Receiver Monitor

5.6.10 Colmm_d Receiver Signal Strength

Pa_e Iuaber

5.2 - 5.4

5.2 - 5.3

5.3

5.3

5.4

5.4

5.4

5.4 - 5.8

5.5 - 5.8

5.8

5.9 - 5.12

. 5.9

5.9 - 5.1o

5.1o

5.30

5.1o

5.3.3.

5,3.3.

5.11

5.11

5.11 - 5.12

MAC IIIIU |ltl'V I AU(; ill



DATE

REVISED

REVISED

6 March 1962
MCDONNELL

ST. LOUIS, MISSOURI PAGE

REPORT

MODEL

vi

8633

133

6.0

C0mr_',u,_(Co_t'_.)

5.7

5.7.Z

5.7.2

5.7.3

5.7.4

5.7.5

57.6

5.7.7

5.7.4

5-7.9

Enviroamenta£ Control System and Static Pressure

Static Pressure

Cabin Pressure

Cabin TeaperLture

PrOrate' s Cabin Pressure

Primate' s Cabin Temperature

02 Prtasr7 Suyp]_r Pressure

02 Se¢onclaz7 Supply Pressure

Coolant Fressure

02 Psrt_l. Pressure

5.8 Primte D_tt

5.8.1 Body Tespemture

5.8.2 PulJe Rate

5.8.3 Besp£mtion _te a_l Depth

SPECIAL _ __TI_

6.1 Genere£

6.2 Aerodynamic Heating

6.2.1

6.2.2

6.2.3

6.2.4

Conical Section Sides

_t Section

Ablation Shield

Tover-To-Sl_cecra_t Retalni_ Rln8

Pa_e N_ber

5.12 - 5.15

5.12 - 5.13

5.13

5.13 - 5.14

5.14

5.14 - 5.15

5.15

5.z5

5.15

5.Z6

5.16

• 5.16

5.16

6.0 - 6.4

6.0

6.0 - 6.3

6:0 - 6.1

6.1 - 6.2

6.2

6.2 - 6.3

• MAC I'$1U (RIr¥ t AUG eli



DATE

REVISED

REVISED

6 m:._ z_62
MCDONNELL

ST. LOUIS, MISSOURI PAGE

REPORT

MODEL

T1t

8633

133

7.0

P

6.3

DATA

c0e_ (cont':.)

6.2.5 Pylon _;];_.ost_'e Bolt Cover

6.2.6 Adapter Sides Outer Skin

Sun Rad_tlon

..Page Hunber

6.3

6.3

6.3 - 6._

7.o - 7.122

lilAC IlIU (11[¥ I AU@ ll)



MCDONNELL
D.T_ 6 Ha_b l_;_2 ST.LOUIS.MISSOURI PAGE

REVISED REPORT
/p

REVISEH:} MODEL

PP,_'AC_

This report documents the results ¢_om processing and analysis .of data

recorded by the basic instrumentation during the orbital flight of the Mercury -

Atlas No. 5 (HA-5) vehicle which was launched at Cape Canaveral on 29 November

1961. A prls_te named Enos vas aboard the spacecra_.

viii
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?D
IIA-5 ve]g.cle wu _u_ched fro,, Cape C=,,=veral st 1007: 57 EST, .

29 _veaber 1961. Booster ew_iae cgt-off occurreA two ainutes and ten seconb

e_ter launch at an aAtituda of 203,000 feet. The escape tower _ Jettisone_l from

._.._._._,a_+ =_luatalv 25 seconds later st an altitude of 295,000 feet. .The

sustaAner en_Lne confined the flight profile until it eut off five minutes after

lausch at an altttuAe of 527,000 feet. The sl_cee_ m mte-c_rped approxi-

_tel7 five eeeomls prior to initiation of Sl_cecraft turn-&round, which was

accomplJJhed satisfactorily within 32 JecondJ.

The orbital flight m controlled by the atrtoemtle stabtlA_tlon and

control eystea (ABCS). The retro-cc_s:d sequence sad the left retro-rocket

Ignition occurred simultaneousl_ at three hours a_ 15 seconds after launch. The

retro-rockets an the bottan aml right each followed at five-second intervals. The

retro-useabl]r was Jettisoned ayproxtastely 60 secoa4s after retro-co_snd. The

elmeeeraft re-entered the earth's &tuosphere vtth a peak Aeeeleration of 7.6 g's.

Drogue chute e_d m_ln chute Aeplo_ent occurred at indic&ted altitudes of 20,500

l_ 9,700 feet respectively.

The s_cecraft landed in the water down-range _ Cape Canaveral after

two orbits. The duration of the flight _ three heu_s, 20 minutes, and 59

MAC; 231C (REV t AUG 61)
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2.0 IRTROIXICTION

2.1 Purpole of Irii_ht - )t_-5, the fifth flight of the Mercury spaceoraCt

utili$in8 the AI_JLI booster, vas an orbital mlssic_ Tlth Enos, a primate, in the

vehicle. The Atlas booster v_s intended to provide an altitude of 87 nautical

_!ma at an earth-fixed velocity of 24. 300 feet _er second, with an inertial flight

path angle of zero degrees. The test objectives involved the qualification of t_e

folloving:

(a) the spacecraft/booster c_blnation,

(b)

(c)

(d)

the Reaction Control 8ysteu (RCS),

(e) the spacecraft for orbital flight,

(f) the enviros:ental system.

the posigrsde rockets,

the recovery 8ylte:,

the Automatic Statilization and Control Systems (_qCS) including

and 4

2.2 Flight Profile - The MA-5 vehicle vas launched from a 90-degree

attlt_de, and a load factor of 6.8 g's vas reached at booster engine cut-off. The

sustainer engine then continued the flight path until a load factor of 7.4 g's was

•reached at sustainer engine cut-off. The poslgz_de rockets ignited at five minutes

and four seconds after launch, separating the spacecraft froa the booster. _

The Aut_tic Stabilization and Control SysteB controlled the spacecraft

turn-around and establishaent of orbit attitude five seconds after spacecraft

separation. The spacecraft v_s controlled in orbit attitude with the iapulse from

MAC 231C (REV ! A:UG 61)
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the Zov-thruaten until tie Sl_eecr_'¢ dLrift_l out of Its perad.sslble attitude,

e_d st two houro, 22 minutes _ 49 seconds after 1Aunch_ the _ changed to the

orten_tton mode of operation which utilizes the high-thrusters in addition to the

low thrustere.

Re-entry of the |pacecraft from orbit wa_ initiated automaticaAly with

the firing of the retrO-rockets. The actuation of the .05-g rela_ indicated the

start of re-entry st three hours, nine mAnutes add _I seconds after launch. A

peak deceleration of 7.6 g's occurred during re-entry. The spacecraft inetr_wen-

t_tion r_ on for ten mlnutes after landing, and data were recorded during

this interval.

MAC 231C (RJEY 1 AUG 61)
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3.0 DATA ACO.UISITION

Pare_ters recorded by the _lc instrumentation in Sl_cecra_ No. 9

during the MA-5 nisston are tabulated on P_es 3.2 through 3.8, along vith their

respective h4g_-level co_utator se_ents or subcarrier frequencies, ra_es cali-

brated; slopes of tape setup, and pickup serial numbere. Temperatures recorded

via the special low-level c_utator are identified on Pa_es 3.9 tbrou6h 3.14,

toEether with their respective thermocouple locations, thermocouple _ypes, and

ranges. The prlmate's activity, instrument l_nel, periscope view, and earth-sky

view were _onltore4 l_lviduall_ by four cameras. A block dia_rs_ of the on-board

recording system, caaeras a_ one of the two tape recorders excluded, appears on

Page 3.15. The locations of theraocouple used in the special temperature survey

are illustrated on Pa6e 3.16.

The maJorlty of the basic on-board parameter si_ were coau_utated

and recorded by the PDM method on one of two on-board tape recorders a_d also

transmitted to the g_und stations by PAM-P_/FM telemetry. The special low-level

temperature colutator data were tape recorded by the on-tx_d PI_ systea only.

Parameters recorded continuously vi_ the 1_/I_ mode on the on-board tape recorders

and transmitted to the ground stations via FM/FM teleaetry were (a) rotes (pitch,

roll and yaw) and RCS low solenoid signals mixed; (b) vernier clock; (c) respira-

tion rate and depth; (d) _T.; (e) adapter strain _u6e No. i; (f) adapter strain

_auge No. 2; (g) IX: volt, e; (h) IX: current; (i) the reference frequency; and

(J) the psychomotor functions.

The seco_l on-lx)az_ tape recorder vaa "used to continuously record the

MAC 231C {REV T AUG 6_) _UI_FI]Dr_Z_ _...
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hot, ion scanner pitch and roll outputs via the 1_1_ mode, and also some of the

same high-ld_k FN/FM par_eterm that vere recorded on the f:Lnt on-tx_rd recorder.

In the "On-Board Pareaeter Log" vhtch fo].lovs_ the "Slope of the Tape

Setup" reflects the general accuracy vh£ch can be expecte(l during the l_rameter

p:Layback, but does not reflect the accuracy of the plckup a_l the lnstruRentatton

tns_tlon. A comparison of the range of data values obtained (data plots),

"R_e Calibrated", and "Slope of the Tape Setup" suggests that the calibration

slopes and ranges calibrated could be improved upon for future shots, thus improv-

ing at lea_t one portion of the data acqulsition cycle.

e

MkC 231C (REV I AUG 61)
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_.0 DATA FJm0C'IBSD_

k.l Genere_ - Data-gathering s_Arees for the MA-5 Linion consisted of

two on-bomz¢l tazpe recorders, four on-board aaneras, ground telenetry statiQn tape

rueordmrs and _ support equipment. _ aethods of eu_z]_r_i_ and evaluating

the In_oTmation o_talned are dLiscussed in this section.

The _ Space Task Group supplied MAC with the follovi_ data records:

(a) duplicates of 3 "Tale. 2" telemetry _agnetic tapes,

(b) duplicates of the _o cn-'ooard tapes,

(c) 16-_ priaate observer camera film,

(d) 16-m laser paael caaera fila,

(e) 16-_ periscope caaera f11a,

(t) 7o-m ear_-s_ _mera f±z=, ame

(8) tc_Jectoz7 data.

_.2 PAM T°lemetrT Data - Thx.ee "Tele. 2" teleaetry tapes vere received

at apprc_i_ately i000 ho_s on I December 1961. One of these had fairl_ good PAM

and _q/YM data out to time T + 6 minutes on the high frequency ccmuta¢o_, but

there was sc_e signal loss on the low l_ency ccu_tator. This tape vas used

aa.ta.l.v to obtain the time increment be_een z'aase-_ro and the. start of the satel-

1Ate clock. No data vere processed from an7 of the PAN "Tile. 2" telemetry tapes.

_.3 PIIM. 0u-Boe.wl Data - The _ on-board data vere recorded using a

)0 • i-i/_ fonmt. _ (lup11_te o_-bo_z_ Z_M tape, vhich was used as the final

_r pr_ data source, _s received in _t. Louis at app_tel_ 1500 hours on

MAC 231C (REV I AUG 61)
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2 _ece_er 1961. A preliminary inspection of the tape revealed that recording

quality of the mignals was good. No difficulty was experienced in reduci_ either

the _ or FM/FM data.

Some difficulty was experienced in tim correlation of the tape, because

during the duplication of the master tape at Cape Canaveral, the recorders were

sto_ped at approx_lately 02:57:00 flight time and the master tape was backed up a

short distance, and then both recorders were restarted. This operation caused a

time discontinuity in the duplicate tape. Time correlation was accomplished,

however, by recording an 800-cps signal on an unused track of the tape while the

tape was run at an 8-time speed-up, and utilizing it as the time base for the

Mlllisaclic data system. Then a correlation of this time base was made with the

satelllte clock time. By utilizing the 800-cps signal, an electronic counter, and

the correlation between the 800-cps signal and the satellite clock time, it was

possible to accurately record DO level shifts on another unused track of the tape

for analog plotting purposes.

The amJority of the P_ data was converted from analog to digital

values by means of the Millisadic data system using a standard IRTG format of 90 x

i0. The digital values fro= the Millisadic were converted to parameter values by

=eans of the Datatron cc_ter. The digital data were first punched in cards as

plotting counts and then tabbed out as actual values. The card-plotted data were

faired and then checked a_inst the tabbed data. During the exit, retro-fire,

and .05-g relay-to-main chute deplo_ent phases, every block of data was c_puted.

During the orbit phase, three block averag,es were computed every 20 seconds.

.... 11 , i |-- --
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Three block &vere_es were cosguted every !0 seconds for data recorded from alia

chute Aeploy to lending.

All the continuously recorded _N/FM data and the DC level lhlft= were

re-recorded on another tape at an 8-time speed-up to allow better utilization of

available equipemnt for lu:m,log plotting.

Pitch, roll, and 7e.w rate,,and RCS low solenoid si_ mixed, which

were recorded continuously via the FM/FM mode, were plotted directly from the re-

recorded I_ tape by using a Pace analog plotter.

The PDM ASCS horizon scanner and gyro outputs and the RCS high solenoid

sis_ls were plotted directly fro== the tape by means of an ASCOP decoamutator

which gated out the desired segments and fed them into a Mosely azaS,og plotter.

A ti=e history of the _ri=ate's pulse rate was obtained fro= the re-

recorded FM/FM tape by using a rate meter to differentiate the nu=ber of pulses

per minute on the electrocardiograph (EKe) signal. The resultlng rate sis_al was

filtered to remove excessive noise and plotted directly by means of a Pace an_

plotter.

_._ Camera D_ta - Pitch and roll &ttitudes that were recorded by the

earth-sky camer_ duri_ daylight hours of the orbital phase vere processed usi_

procedures established by the Contractor's Data AnKZTsts Del_Bent (Reference:

Report 0_O0.7A, Dept. 289). These are presented together with the ASCS add hori-

zon scanner attitudes. Correlation, facilitated by a real-tins clock included in

the camera's field of view, was referenced to elapsed time by synchronizln@ the

photographically recorded attitude transitions with those derived from the on-bonn
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t_]_ recoz_l data. The _ deviation 1_ the p_ious17 aenttcn_l p_uxes

_s the use of the lens data f_ the I_-4 missis. _ da_ for the K_-5

Ilsst_ veto not available because of the z_loeatl_ of the ea.-'_b-s]_r camera and

because they could not be ob_tm_ fro= prela--e_ ea_ez_ coverage.

Periscope photographic coverage was used for verification of the sun-

rises an4 sunsets at the spacecraft. Since the periscope cauera lacked poeitive

correlatlo_, data from it were correlated during the orbital phase frcu periscope

"out" to periscope "in" by tlme-of-transit of known points alc_ the gro_ track.

Camera operation was constant at 30 frames per minute.

Lack of an optical system calibration precluded the processing of the

periscope camera coverage for yaw attitudes, and the earth-sk_ c_ra coverage is

not eCml_tlble vith any yaw data processing procedures currentl_ in use.

_.5 Stmrtoe and Stmset at S_acecraft - Elapsed times for occurrences of

sunrises and sunsets at the spacecraf_ were calculated from _lc expressions

developed by the Contractor's Data Analysis Department (Reference: Report I_.9,

DeFt. 289). These ti_es were verified within +.0.4 ainutes frc_ observations

taken by the periscope camera, and were in agreement _ith elapsed ti_e calculated

by relating spacecraft geodetic locations, relative veloelties and the 1961 ephem-

erie. These times are noted on the presentation of parameters relating to the sun.

All calculations were _sed on launch at 10:08 EST. The sunrises and

sunsets presented are defined as the elapsed time vhen a line-of-sight frc_ the

spacecraft to the sun's center transits the earth's horizon. In the anal_Ical

develo_t of expressions relating sun rays to the spacecraft, all factors were

m - • ,
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consiaere_ except atnosI_aeric _:a.img effects ca the Light rats, v_ch are lnsig-

niflca=t in terms of Sl_Cecraft elapsed time. Assumptions made were that the

earth's surface is spherical with a aeon radius of 3,_38 nautical miles, the sun's

rays are pe_s_lel, and the spacecraft traveled the predicted trajectory. Actu_l

altitudes were used.

4.6 Teaperatures - Thermocouple temperatures recorded on _rack 4 of

the on-board tape recorder via the special low-level c_utator were correlated

and digitized usinK established procedures for processing PI_ co:mutated data.

Prior to perfonaing the tenrperature calcul&tions on a I_tatron disital computer,

a 2.25 percent upscale correction t_ctor was applied to condensate for a shift of

the sero (-3 nillivolts) and full-scale (+13 milllvolts) references. This

correction factor vaa obtained from thernocouples that vere deactivated at s_ce-

craft seps_atlon. Its validity vas conflrmed by the a_e_ent of temperature

values that were recorded from the sue thermocouple in duplicate wlth different

sensitivities.

The nAllAvolt thernocouple signals vere converted to teEperature values

uslng the calibrated reference Junction tewperatures and thermocouple conversion

tables per procedures set forth by NASA, except for a minor deviation to eliminate

any error resulting from the non-linearity of the conversion tables. This devia-

tion involved the chanKln K of the reference Junction teuperature to s millivolt

¢_lulvalent of the l_icular thermocouple and suing It vith the aillivolt output

of the thermocouple. This summation vas then converted to temperature in degrees

Fahrenheit.
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The te_x_tures tape-recorded on Tracks 3 and 5 via the twO hlgh-level

c_tator8 were processed using standard procedures for calibrated parameters.

_.7 Orientation of Sun to S_acecraft and Thermocouple.s - The position

of the sun relative to the spacecre4_ is presented in angles a 6 and B 6. These

mining sunrises and sunsets, and other expressions to account for the attitudes

of the spacecraft. The flight time investigated was from time 00:06:00 to .05-8

relay actuation since the heating effects from the sun are insignificant during

exit and re-entry.

External thermocouples not receiving direct radiation from the sun are

noted by shading on applicable time histories of thermocouple temperatures. The

transition from sun radiation to darkness is defined as that time when the sun

rays are tangential to the instrumented external surface of the spacecraft. The

elapsed time for the occurrence of this transition was determined by relating the

orientation angles of the sun to their tangential limits defined by the spacecraft

geometry.
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5.o SYST_4S OPm_ATION

5.1 Atlas Booster Performance - Data showing the characteristics of the

tr_ectory developed by the launch vehicle are presented on Pages 7.i through 7.6,

a_d those concerning load factors appear on Page 7.7. The actual performance of

the launch vehicle yearnin 8ood. agreement vith pre-launch estimates as state_ in

NASA Post-launch Memorandum Report for Hercury - Atlas No. 5 (MA-5), dated 6

December 196i. At the time of booster engine separation, approximately tvo min-

utes and ten seconds after launch, a load factor of 6.8 g's along the Z axis, a

velocity of 9,000 feet per second, and an altitule of 203,000 feet had been

attalned. The sumtainer engine continued to accelerate the spacecraft until it cut

off at approximately flv! minutes after launch, vlth a load factor of 7.4 g's alon8

the £ axis, a velocity of 23,900 feet per second, and an altitude of _7,000 feet.

The launch vehicle reached its maximum dyoaaic pressure of 1,00_ pounds per square

foot one minute and five seconds after launch.

5.2 Se_uentlal Spte! - A tabulation of the ma0or sequences and the

time (referenced torange-zero time) of their first indication on the c_utator

follows:

Sequence of Events

t

Tower 3ettison

Periscope Extension

Sl_cecraft Sel_r_tion

Retro-Attitude Co,,,,,mnd.

Time (Hr:Min:Sec)

00:02:33.8

00:05:0_.9

00:05:02.9

03:00:15
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Sequence of Events

Retro-Rocket Ignition,

Retro-Rocket Ignition,

Retro-Rocket Ignition,

Retro-Assembly Jettison

&.

•05-G Relay Actuation

Drogue Chute Deployment

Antenna Fairi_ Relume

Periscope Extension

Main Chute Deployment

La_11ng

Left

Bottom

Right

•m,...(m-:,In:sec)

03:00:15

03:00:20

03:00:25

03:01:14

v.j.vmw , I

O3:09:41

03:15:36

03:16:09

O3:16:09

03:16:09

03:2o: 59

5.3 Accelerometer Data - Accelerations along the X, Y and Z axes of the
J

spacecraft were measured In the PDM mode. A time hlsto_ appears on Page 7.7 a_d

a dla_ram of the sign convention appears on Pa6e 7.8.

5.3.1 Z Axis - Three significant load factor points were

recorded along the Z axis durlng the flight. The first, associated vlth the

booster phase, peaked at approximately 6.8 g's at time T plus two minutes and ten

seconds. The second load factor build-up occurred during the sustainer engine

portion of the flight, where the acceleration peaked at approximately 7.4 g's at

time T plus five ainutes. The third significant load factor occurred during the

re-entry portion of the mission when a peak deceleration of approxi_tely 7.6 g's
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was reached at time T plus three hours, 13 minutes and six seconds. Impulse of

the retrograde rockets and the opening of the drogue and main chutes each caused a

deceleration of the spacecraft,

5.3.2 X and Y Axes - The outputs of the X and Y axes acceler-

ometers did not vary more than 0.15 g during the entire fli_t. The acceleration

measured in the Y axis prior to spacecraft separation probably resulted from

chsx_es in the pitch attitude of the launoh vehicle during the boost phase, since

Do misalignment of the accelerometer was evidenced. The acceleration measured in

the X axis during exit and re-entry could have been caused by a slight misalign-
e

merit (within the lustallation tolerances) of the accelerometer.

5.4 S_eclfication Temperatures - Temperatures were measured by the basic

instrumentation system at the following locations on the spacecraft: low roll

clockviIe H202 line, low roll counterclockwise H202 llne, low yaw left H202 line,

bottom retro-rocket case, HF and LF transmitters, a_1 the 150 amd 250 volt--re

maim invertere. A time history a1_arI on Pages 7.9 _ 7.10'

5._.i RCS Low Roll H202 Lines - These temperatures were

measured by resistance elements located on both the clockwise add counterclockwise

low roll H202 lines. The recorded temperature on each llne was 76°F at launch.

At spacecraft separation, the temperatures had increased to 94°F add IO0°F respec-

tively on the clockwise amd counterclockwise low roll lines. Both temperatures

then i_creased rapidly, reaching a genera& plateau of approximately 120°F at time

T plus 35 minutes. At one hour and 20 minutes after launch, both temperatures
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began to increase asatn, until about l_O°F vas reached 20 minutes later. They

began to increase again at one hour and 55 minutes after launch, with clockwise

roll and counterclockwise roll Peaking at 16_°F and 150°F respectively and then

levelinE off at about 153°F and 148°F. Both temperatures decreased very rapidly

at two hours, _ minutes and 50 seconds after launch, when the high thrusters were

actuated to correct for s_De_ecraft drift, and an increase in H202 flow probably

cooled the lines. The temperature of both roll lines increased add decreased in a

cyclic manner that corresponded with the actuation of the high thrusters until

•05-E relay actuation, when they beg_n to rise until the instrmnent limit of 168°F

was reached.

5._.2 RCS Yaw H202 Line - This temperature was measured by a

resistance element located on the low yaw left H202 line. The measured temperature

iwas 78°F at launch an_ remained constant until after spacecraft separation, where

it beg_n to increase until a general plateau of approximately 95°F waJ reached at

time T plus 50 minutes. A maximum temperature of 98°F was reached at two hours and

five minutes after launch before it began to decrease gradually, reaching a minimum

plateau of approximately 8_°F. It started increasing at .05-E relay actuation,

indicating llS°F at _ing.

5._. 3 Retro-Rocket - The temperature of the retro-rocket was

measured by a resistance element attached to the retro-rocket heater blanket. The

temperature, which was 80°F at launch, was maintained between 700 and 80°F until

retro-rocket firings.
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5.4._ Transmitter - The temperatures of the HF and LF trans-

litter8 were measured by a resistance element attached to the housing of each

tranmaitter. Both temperatures indicated 90°F at launch. The HF transmitter

exhibited a steady temperature rise, reaching 130°F at two hours and 20 minutes

after launch add remained at this level until landing. The LF transmitter tempera-

_...-- 4 ..... .-4 .+..a41v ,m+.41 lo_o_ _ _ae_l tvo hours AM 27 minutes after

launch, where It remained for five minutes. It then decreased and remained at an

average level of ab0ut 120°F until la_.

5.4.5 i_ VA Main Inverter - The main 150 volt-ampere inverter

temperature was measured by a resistance element attached to its housing. The

tesperature, which was 98°F prior to launch, increased slowly until a maximum of

195°F was measured during re-entry.

t

5.h.6 2_O VA Main Inverter - This temperature was measured by

a reelstance element attached to the inverter housing. It was 120°F prior to

launch, add increased slowly until a maximum of 200°F was measured _urix_ re-entry.

5.5 Attitude and Reaction Control s_stems - The recorded parameters

which relate to the operation of the spacecraft's control system (i.e. : attitudes;

rates; reaction Jets; horizon scanner roll, pitch and ignore signal outputs; atti-

tudel calculated from the earth-sky camera; H202 supply; yaw torquer voltage; and

roll to yaw voltage, high and low sensitivity) are presented in tile history form

on Pages' 7.11 th_ ugh 7.59-
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5.5.1

system was monitored by instrumentation which included rate 8yros, attitude gyro

repeater outputs, horizon scanner roll and pitch outputs, horizon scanner ignore

signals, and reaction Jet solenoid outputs. Time histories appear on Pages 7.11

through 7.54.

Attitude Control - The operation of the attitude control

?

5.5.1.1 Spacecraft Turn-Around - The comm_d for

Sl_Cecraft turn-around and orbit attitude was given five seconds after spacecraft

separation. Approximately 32 seconds were required to accomplish spacecraft turn-

around and complete damping to the orbit attitude. The spacecraft yaw and pitch

attitudes were damped to orbit attitude within 15 seconds.

5.5.1.2 Horizon Scanner - The roll and pitch scanner

ignore signals were lost during a portion of the boost phase at times T plus 44

seconds and 46 seconds respectively.

The maximum output of the pitch scanner occurred at

time T plus one minute and 22 seconds where it remained for 69 seconds. The pitch

scanner corrected for this erroneous output very rapidly after tower Jettison, and

at spacecraft separation, _the pitch gyro output agreed with the earth-sk_ camera

data. The earth-sk_ camera is believed to be the most reliable instrumentation fox

detenaining true roll and pitch attitudes of the spacecraft since the accuracy of

its data is approximately 1.5 degrees.

Loss of the roll scanner ignore signal also occurred "_

occasionally between tiles T plus 21 minutes and 54 seconds, and 37 minutes and
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14 seconds, with transients in the scanner roll output occurring each time. The

roll scanner ignore vas "on" occasionally, however, during the orbital portion of

the flight except when the spacecraft was in darkness.

The scanner outputs indicated excursions that could not

be correlated with spacecraft motion. Examples of this, other than noted in the

preceding paragraphs, can be seen at one hour and 6 minutes, one hour and 19 min-

utes, one hour and 50 minutes, and two hours and ten minutes after launch. The

pitch and roll scanner outputs both indicated excursions after two hours and 37

minutes of the flight when the spacecraft drifted out of orbit attitude and

returned to the orientation mode. Since the gyros were continuously slaved to the

scanners on this mission, the transients caused incorrect gyro torquing which re-

sulted in gyro output errors as large as 12 degrees in roll and 8 degrees in pitch.

5.5.1.3 Orbit Control - The low thrusters were utilized

to maintain the orbit attitude. The spacecraft was controlled to zero + 6 degrees

roll and yaw attitudes, with corrective thruster firings occurring at the pre-

scribed indicated attitudes. The roll gyro output agreed with the roll attitude

from the earth-sky camera except in the areas of incorrect torquing due to erro-

neous scanner outputs. The pitch attitude was controlled to an average indicated
e

gyro output of -32 degrees instead of the prescribed -3_ degrees. Deviations from

the mean attitude were approximately + 5 degrees. A comparison of gyro output to

earth-sky camera coverage, however, indicates the data agree with the exception of

the areas of incorrect torquing caused by erroneous pitch scanner outputs.

The spacecraft was in the orbital control mode as stated
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in the preceding pare_raph until two hours, 21 minutes and 20 seconds after launch.

From this point on, the positive low roll thruster seemed to have little or no

effect on spacecraft motion. This allowed the spacecraft to drift continually

until it exceeded the attitude limits of the orbit modeand returned to the orien-

tation mode at time T plus two hours, 22 minutes and 49 seconds. At this time,

the roll attitude was approximately -28 degTees. The sl_cecraft drifted out to

approximately -28 degrees nine times prior to retro-attitude co, and, and the high

thrusters were required to correct for this attitude drift each time. The low

solenoid firings were also indicatedj but no corresponding rate change resulted.

5.5.1.4 Retro-Flre and'Re-Entr 7 - The spacecraft retro-

attitude eo_mnd and firing of the left retro-rocket were initiated by the preset

timer at three hours and 15 seconds after launch. The indicated outputs of the
* \

roll add yaw gyros were zero and +4 degrees respectively. 'The pitch gyro output

iddicated -34 degrees and remained at this attitude throughou_ rocket firings.
\

The retro-assembly Jettison initiated the change from

orbit te re-entry attitude at three hours, one minute and 14 seconds after launch.

The spacecraft returned to the orientation mode at three hours, five minutes and

36 seconds after launch, when the roll attitude drifted to -2B degrees.

The .05-g relay was actuated at time T plus three hours,

9 minutes and 41 seconds, changing the control to the progra_ lO-degree-per-

second roll rate with rate damping in the pitch add yaw axes. The scanners and

attitude gyros were turned "off" at .05-6 relay actuation, and the co_lete ASCS

system was turned "off" at antenna fairing release and main chute deployment. The
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high pitch and _v thrusters were held open electrically 60 ieconds to allow

Jettison of the reaa/ning H202 before landing.

5.5.2 Reaction Control - The automatic and manual reaction

H202 systems vere interlinked to increase the H202 supply available for the auto-

-ratio system on this mlssto=. Data concerning the reaction control system H202

supply pressures and the resultant quantity appear on Pa_es 7.55 and 7.56. The

approxt_te quantity of H202 aboard at the time of launch was 61.5 pounds.

The p_ five seconds of rate dampin6 and turn-around of

the Sl_cecratt utilized approxl,_tely 5 pounds of H202. The RCS operated satis-

factorily until time T plus two hours, 22 minutes and _9 seconds when the positive'

roll thrusters were imperative. This malfunction was undoubtedly caused by the

s_Lll wire found mtuck in the inlet Jet to the thrust chamber. The H202 utilized

by the RCS during the orbital phase was not indicated by supply pressure chan6es

until the high thrusters were actuated to compensate for the drift out of orbit

attitude, and 10 pounds of H202 were used to correct and maintain the attitude

until retro-attttude comand. The sl_cecratt used 3 pounds of H202 to maintain

the correct attitude during the retro-rocket firing sequence and suteeque_t con-

trol until .05-g relay actuation. Following the _ctuation of the .05-g relay, the

Sl_cecraft control mode with the pro_ roll rate and rate damplng in the

pitch and y_w axes required i0 pounds of H202 until drogue chute deployment, and an

additional 8 pounds of HRO2 were used while the spacecraft was descending with

drogue chute deployed. The remaining 25.5 pounds of H202 were Jettisoned follow-

Ing antenna fairing release and main chute deployment.

I
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5.6 Electrical System - Satisfactory performance of the electrical

system was experienced throughout the flight. The electrical l_rameters are pre-

sented in time history form with an expamded time scale during Sl_cecraft exit,

retro-rocket firln_, and re-entry. The orbital area of fli6ht Im plotted at a

condensed time scale from Sl_cecrsft sel_r_tlon to .05-g relay actuation.

• u| _;_--_JU£--Mkk_ta_1: .&JLU_,IalB,_,J.U'_ w _u4 UR=_u_x_t _M _ _a&£_ut _;J_---=L_.

volta6e during orbit. This was probably caused by the Intenalttent swltchlng "on"

and "off" of the playt_ck tape recorder.

Time histories of the follovlng parameters appear on Pa6es 7.60 thro.gh

7.66: DC_volta6e, DC current, 7-volt AC, llS-volt AC, 18-volt DC isolated bus,

18-vo!t DC standby bus, ASCS AC voltage, blood pressure pump volta6e, command

receiver all-channel signal aaxl ccmm_d receivers "A" eu_ "B" signal strength.

5.6.1 DC Volta6e Monitor - The 2_-volt DC _onitor indicated

2_.7 volts at launch. The voltage decreased throu6hout the flight until 22 volts

was measured at landing. Momentary voltage drops occurred at tower escape rocket

fire, spacecraft separation, and antenna falrlnK release and main chute deploy.

5.6.2 DC Current Monitor - Direct current lzxltcated 2_.5

amperes at laumch and 28 aal)eres, at landln_. The avera6e current level increased

to approxim_tel_ 28 amperes upon tower escape rocket fire and tower Jettison, then

increased eq_in at spacecraft separation to approximately 30 amperes. It dropped

to an average level of approximately 25.5 amperes five minutes after spacecraft

separation, then gradually increased to approximatel_ 30 oa;)eres at .05-_ relay
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act_tion. The DC current increased to approximately 33 amperes d.ur_ug the
\

Jettison of H202, them decreased to 28 aaperes, vhere it resined until la_li_.

It _incre_ed to _0 aapere_ upon landing and re_ined at this level for 26 secoD_e.

Mo_mta_ current surges occurred at spacecr_t &siltation, retrog_a4e rocket fir-

i_, retro-e_sembly Jettilon, antenna f&irl_ relee_e and msAn chute deploy, and

la_dtm_ _deploy.

5.6.3 T-VoltAC Monitor = The 7=volt AC _onitor, presented in

percemt-of-fulA scale value, l_llc_ted76.5 percent at Lunch. The variation
P

throv_hout the flight was no greater than + 1 percent and - 2 percent.

5.6.1_ ll_oVolt AC Monitor = The llS-volt AC uonitor measured

]2.3 volts at launch, and held betveen 112 and 116 volts throughout the fl_ht, wit]:

no 1Lrge transients.

. 5.6.5 18-Volt DC Isolated Bus Monitor - The isolated _ttery

bus indicated &pproxin_tely 21.8 volts until tower ese&pe rocket tire and tower

Jettison, vhere the voltage indicated approximately 20.2. volts until five minutes

after s_cecraft separation. Then it increased to &pproxiHstel_ 21.8 volts until

retro-attltude co_man_, vhere it decreased to about 21.2 volts. It re_ned at

this level until antenna f_lrl_ release, vhere It drOl_ to _0.6 volts and hel£

until la_li_. The voltage _ to spproxtmtel_ 17.3 volts for t perlo_ of 26

seconds upon la_An_. Momentary voltage drops occurred at sl_cecr_t separation,

retrograde rocket firings, antenna fairing release, and landln_ b_ deploy.
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5.6.6 1B-Volt DC Standb 7 Bus Monitor - The standby battery

bus indicated approximately 20.6 volts at launch, and decreased to 20 volts prior

to spacecraft separation. It continued to decrease slowly until it stabilized at

18.4 volts one hour and 20 minutes e£ter launch. It remained at this level within

+ .2 volt throughout the remainder of the flight.

5.6.T ASCS AC Voltage Monitor - The ASCS AC voltage monitor

indicated i16 volts at launch and _cadually increased until a maximum of 120 volts

was reached by drogue chute deploy. The voltage was maintaimed within + I volt of

this valme throughout the remainder of the flight.

5.6.8 Blood Pressure Pump Voltage Monitor - The blood pressure

I_ voltage monitor indicated 6.5 volts at launch and was maintained at this level

throughout the flight.

5.6.9 Com_ Receiver Monitor - The ccmaand receiver monitor

warn an ON - OFF signal which gave indications of ground commands at spacecraft

separation, retro-attitude commmd, .05-g relay actuation, drogue chute deploy,

and maim chute deploy. The signals sent to the spacecraft were employed as backup

to the spacecraft programner and normal sequencing of events.

5.6.10 C_nd Receiver Signal Strength - The signal strengths

of the "A" and "B" cc_ receivers were measured in mlcrovolts. Since the cali-

brations were complex and the slopes non-linear, nominal values are presented and

only the trends are meaningful.
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The outputs in mlcrovolts coincide with the spacecraft passing

over ground stations h_vlng sufficient power to be monitored. These outputs

p_ralleled each other in their transient .and mean values during the following tlme

intervals: launch to ten minutes and 30 seconds, 49 minutes to 57 minutes, one

hour and 26 minutes to one hour amt 43 minutes, two hours and 22 minutes to two

houi_ _ 3.L.......ml.._t_u,'-tWO hO,_o....... _ I.o. ___.._._. _L__,.____,. ...... __., CJ, --4...+ .... A
U4J-AJLa_;g _tJ tBW',J A,I_PtA,k D _baata. j_r ialabad_a,_,.iw ,9

intermittently from two hours an_ 58 minutes until three hours and 16 minutes.

5.7 Environmental Control S_ste_ and Static Pressure - Static pressure

_as measured by means of a _-teed, flush-mounted source located at Spacecraft Sta-

tion Z-158, at angular intervals of 90 degrees. Cabin pressure was recorded from

a transducer located inside the spacecraft and positioned near the left side of

the prlmate's cabin. Cabin teul_rature was recorded from two probes mounted behi_

a_d near the top of the instrument panel. Prlma_e's cabin pressure was recorded

from a transducer in the inlet line,and the primate's cabin temperature was moni-

toted by tvo sensors on the inlet line. The 02 primary and secondary supplies and

coolant quantity ve_L'e meas,-'_ed by means of pressure transducers located In the

res_ctive supply tanks. The. 02 partial pressure was monitored by a transducer in

the prt_te's cabin inlet line. Time histories of these psrsaeters apl_ear on

Pa_es 7.67 through 7.70.

5.7.1 Static Pressure - Ambient indicated static pressure,

which w_s I_.8 psl at launch, decressed until zero static pressure was recorded at

time T Plus one minute and 56 seconds. The static pressure remsAned at zero

MAC 231C CREV I AUG 6t)
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throughout orbit, but started increasing three minutes and lO seconds after .05-g

relay actuation until it was 14.7 psi at landing.

5.7.2 Cabin Pressure - The cabin pressure, which indicated

14.8 psla at launch, la_e_ the static pressure by @pproximately 6 psi during

ascent until a pressure of 5.7 psia was reached at spacecraft separation. The

cabin pressure decreased @ra_ually throughout the orbit phase until a minimum of

4.8 psla was reached at .05-g relay actuation. The increase in cabin pressure

followed static pressure with am approximate one psi is_ throughout spacecraft

descent and read 13.9 psia at landing, after which it gradually increased toward

ambient static pressure.

5.7.3 Cabin Temperature - Cabin temperature was measured by

two pickups, both of which indicated 82°F at launch. The transient measurements of

both pickups followed the same trends with a difference in magnitude. Pickup No.

1 increased steadily until a maximum of 105°F was reached approximately 45 minutes

after launch, while pickup No. 2 reached a peak of lO0°F approximately 50 minutes

after launch. Both pickups then be@an to decrease gradually until they indicated

approximately 95°F one hour and 40 minutes after launch. The temperatures then

began to increase again until pickup No. 1 indicated 104°F two hours, 15 minutes

and 30 seconds after launch, and pickup No. 2 indicated lOl°F two minutes later.

Then both pickups began to decrease until a minimum of 96°F was reached on each

two hours and 53 minutes after launch. Both remained at this level until .05-6

relay actuation. The temperatures began to increase during re-entry and

"'" ' .... _ " " " I
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continued to rise for a short period of time after lamdimg until a maximum of 118 °]

and l13°F vere meamure_ by Pickups No. 1 sE_t No. 2 respectively.

5.7.4 Primate's Cabin Pressure - The primate's cabin pressure,

which imdlcated i_.8 psia at launch, decreased to approximJtely 6.0 psla by sl_ce-

craft separation. The pressure gradually decreased until 5.1 psia was reached at

•05-g relay actuation and va_ maintained at this level until the static pressure

increased to approximately 5.6 psla. It la_ed the static pressure by approxi-

rarely .5 pela durlng the rapid descent until main chute deploy, where the differ-

ential pressure increased to approximately 1.0 psia and remained until after land-

ins. The pressure gradually increased toward IMicated static pressure after land-

ing.

5.7.5 Prtite's Cabin Temperature - This telperature was

measured by two pickups whose transient measurements paralleled each other by

appr_tely 3°F throughout the fliEht. Pickup No. i, which consistently regis-

tered the lower temperature, indicated 61°F at launch. It increased to 6_°F by

SlX_cecraft separation, then gradually decreased to a low of 59°F approximately one

hour and two minutes after launch. The temperature then began a g_adual rise

throughout the remainder of flight, measuring 86aF at landing and 90°F four mimutes

thereafter.

5.?.6 02 Primary Supply Pressure - The primary oxyKen supp_

pressure, v_ch measured approximately 6,000 psi prior to launch, indicated no

pressure decrease until after drogue chute deploy, where the pressure beau to

' Lq ....MAC 23tc (REV 1 aUG 61) 11131' I-]FJ'_I.J
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decrease until 5,700 psi was reached at landin6. The lack of a pressure drop dur-

ing orbit probably resulted from the increase in cabin temperature, which kept the

pressure from beix_ a true indication of oxygen usage.

5.7.7 02 Seoo_ Supply P'ressure - The seconde.r7 oxygen

supply pressure, which measured approximately 7,000 psi prior to launch, indicated

an increase in pressure to 7,200 psi upon ladling. This increase in pressure re-

sulted from an increase in cabin temperature without a correspondin 6 usage of

oxygen.

5.7.8 cooz, Pressure - The coolant pressure, which indicated

350 psi prior to launch, indicated an increase in pressure ¢o 380 psi upon land/_.

This increase in pressure made it impossible to determine the quantity of coolant

used to maintain the primate's cabin temperature throughout the flight.

5.7-9 02 Partial Pressure - The absolute values of the 02

partial pressure data are considered questionable throu@hout the mission; however,

the transient ind/cations are considered correct. The data followed the saae

transients as the primate's cabin pressure until the inflow snorkel valve opened

prior to _ chute deploy. The opening of the inflow snorkel valve vented the

primate's cabin to the ambient air, su_ a period of unstable 02 partial pressure

resulted when the t_omtng ambient air mixed with the oxygen in the primate's cabin

dircuit. The OR partial prelsure experienced two other periods of instability: at

landing and two minutes and _0 seconds after laadt_, both of which probably-

resulted from the opening of the snorkel valves and cabin venting to ambient air.

MAC 231C (REV 1 AUG 61)
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5.8 Prate Data - The primate ve_ instrunented with an internal probe

to monitor body temperature, E_ sensors to measure heart action, and a harness to

iDdicate the depth and rate of respiration. Instrumentation was also available to

monitor electrical shocks applied to the primate. The body temperature data are

presented on Pages 7.69 and 7.70 az=l pulse rate and shock occurrences are pre-

sentea_ on Pa_ge_=7:7! and 7-72-

5'8.1 Bod_ Ten_rature - The body temperature of the primate

indicated _.3°F prior to launch and increased slowly throughout the flight until

it re_ched lOl°F four minutes after la_ing.

5.8.2 Pul_e Rate - The pulse rate of the primate was moni-

tored by E_ sensors that gave indications of each beat. The beats were converted

into pulse rates by a rate meter. The indicated pulse rate was approximately I00

pulses per minute at launch, increased to a maximu_ of 150 pulses per minute prior

to tower Jettison, where it dropped to 122 pulses per minute. It sharply increase(

to 150 pulses per minute shortly after spacecraft se_ration, then decreased

rapid_ during orbit. Throughout orbit, the pulse rate followed a rhythmic pat-

tern, with the maxlm_u and minim_ pulse rate being 166 and _ pulJes per minute.

The data vere unreadable during the following two portions of the flight where

repeated shocks also occurred: one hour and _9 minutes, and three hours a_d three

minutes after launch.

5.8.3 Respiration Rate and Depth - The respiration rate and

depth are not presented in this report.

MAC 231C (REV I AUG 61) /
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6.0 SPECIAL _ INSTRIH_ENTATION

6.1 General - For the MA-5 mission, thenaocouples were installed at

several locations on the spacecraft to monitor the follovlng temperatures: struc-

tural, heat shield, spacecraft skin, RCS system, a_d environmental. The identifi-

cation and location of the thermocouples used for this special temperature survey

are detailed in Section 3.0. Time histories of the thermocouple data are pre-

sented on Pages 7.73 through 7.116.

6.2 Aerod_Ic Heating - The thermocouples that measured an increase

in temperature during the exit and re-entry phases were mounted on the conical

section and h_t section of the spacecraft. The therwocouples mounted on the abla-

tion heat shield _asured an increase in temperature during the re-entry phase of

the fli_ht only. Those mounted on the tower-to-spacecraft retaining ring, pylon

explosive-bolt cover, and the adapter sides outer skin indicated an increase in

te_rature during the exit pha_e of fllght only, since they were Jettisoned eithez

prior to or at spacecraft J_A_tlon.

6.2.1 Conical Section Sides - The thermocouples located on t_

conical section sides at speAecre_t "z" Stations 15_.5, 126.7, and 107 along the

LX, TY, and BY axes indicated an uneven temperature distribution on the sides of

the spacecraft during the exit. This uneven teRperature coition indirectly

resulted fr_ the angle-of-attack introduced by the booster to pitch the space-

craft into a horizontal flight path. The neKatlve angle-of-attack allowed the top

side of the spacecraft to heat =ore than the bottom st_e_ a_ the theruocouple at

MAC 23tC {REV I AUG 61)
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Z-lOT and TY measured a peak temperature of 1,160 ° duriag the exit.

The te=perature of the conical section sides vas evenly dtstrt-

butd duri=_ the re-entry with the lover side of the sl_ceeraft heating more

rapidly then the upper side. The temperature at Z-112 and Z-126.5 peaked at about

two ,,1nut.s and 30 seconds after .05-g rela_ actuation, a_d that at Z-15_.5 peaked

The exit and re-entry temperature data e_e presented on Page

7.117 in the form of & color photo_ that illustrates the temperature gradient

over the conical surface of the =paeeeraft. For ccm_rlson purposes, exlt and re-

entry data from MA-2 (Spacecraft No. 6) are presented In eolor on Page 7.118.

Note_ observations a_out the MA-2 data are:

(a) the exit temperature 4at& show the effect of s_e

mp_e_raft Taw along with the expected angle-of-attack; and

(b) the re-entry temperature dat_ tndLieate an angle-of-attack

effect.

6.2.2 Hat Section - The thermocouples located on the top,

bottom, and side of Stringer Non. 12 (z-i27) and 2_ (Z-117) la_ed the conical

section in temperature transients. This temperature peaked &pprox_tely four

mlnutes and 30 secozds after .05-g relay actuation, vith the top of Stringer Nos.

12 and 2_ rea_hlng 3_3°F and 308°F respectivel_. Two minutes later, the side of

Stringer No. 2_ peaked at approximately 230°F, while the bottom peaked at 200°F.

6.2.3 Ablation Shield - The thermoeouples mounted in the

MAC 231C (REV ! AUG- 61) _"-_L,,J_..Jel_l JL'_.'JLrJL_._I'I" J[,tIL"__J ......
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ablation shield vere lo_ted as follovs:

(a) betvoo= .05 aaxI .3 Fiberglass (I2{1, m, .130 _eirg),

(b) bet, veen .05 and .3 Fibergl_. (_(33, _"L3, .133 deep),

(e) li.e (Lx.L .2o deep),

(d) boaa Ltae (IE33, _2, .309 deep),

(e) intxmz_t aurfaee (Rg33, _/1, on back surface),

(f) inboard .l_e (LXl, YO, on _k surface), and
i

(g) deep heat sh.l.e].d (L_._., TY1.5, .9'T deep).

These teapemtures d£d not lndtaate any major transients dur-

ing exlt, but did increase dttrl_ re-en_ry. The deed he_t shield Indicated a

asxlan_ of approxt_te17 1,260Oy durt_ re-entry_ three minutes and 30 seconds

atter .05-g rely a_tuatton, The indicated teupersture of the rematnin8 therwo-

ootrplel IDareased mot1 8_ 4t_ to the location of the thermocouples vtthin the

shield.

6.2._ T._, er-to-.Spa_ecra_ Reta_ ._S _- The thernoeouples

located on the top and bottou of the tover-to-spe_eeraft retalninK rink Indicated

approxl_tely 70°F add _°F respeottvel_ at launch. The transients vere very _Ltld

vlth the bottom lncreaain_ to 120°F vlthln the flrst three _lnutes after launch.

The top l_ressed mzttl a max/am of ].15°F was measured at escape to_er _ettlson.

6.2.5 l_lon _ploslve Bolt Coyer - The thermocouple located

on the pylon explosive-bolt co_er t_Ltc_ted app_tely ]._O°F prior to l_uneh

and l_creased rapidly 4urtn6 exit until a peak of _O°F was measured approxlaato17

MAC _31C {REV I AUG 61)
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two minutes after launch.

6.2.6 Adapter Sides Outer Skin - The thermocouple located on

the adapter sides outer skin indicated ayproxlmatel_ 80°F at launch, increased to

of 200°F within two Rinutes, then slovl_ decreased to 95°F by spacecraft

separation.

6.3 Sun Radiation - The solar radiation vas in a conical pattern about

the spacecraftts LX axis, haviag an apex angle of 80 degrees as illustrated on

Page 7.119. The thermocouples that were located in areas slgnlfioantl_ affected

by the sun's radiation include the followi_:

(ai parachute ccupar_t - outer skin,

(b) conical section sides - outer skin,

(c) retro-rocket package, and

(d) hat sections.

The sun's radiation vu tansential to the u_per and lover surfaces of

the spacecraft, vhAle the right side vas shaded. The sun orientation during orbit

is presented as a time history on Pages 7.120 through 7.122. These data are pre-

sented as the angles between the Z axis and the sun vector, and Y axAs add the

projections of the sun vector as illustrated on Page 7.120.

The parachute co_aent outer akin indicated only a slight increase

and decrease in temperature froa sun radAation and darkness. The conical section
t

sides outer skin at Z-I_. 5, Z-126.7 and Z-10T In4icated a transient rlse and cool-

ing in temperature of approxilately 200°Y within about 12 alnutes after the

MAC 231c IRrv , aUG e,) G'/I]kI]E'-I--'[L]_TlqrI_il, , ,
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transition from sun radiation to darkness or vice versa. The retro-rocket package

thermocouple at Z-88 indiaated a transient of ayproxizatel_ lO0°Y during the

transition. Stringer Nos. 12 and 2_ of the hat section indicated & lover transient

temperature rise and cooling effect fr_ sun radiation a_l darkness since the

therlocouples were mounted on the internal structure. These nominal temperature

•k_.4_.l._ _8 "Llk. A I1'=_ "L _AA,I. 4_ 4,._laI_AJ--A.3 4 "LA't _./%O a_--_ .... _ ,,1..w4_,,,. =, Ik 4-.,e_wa44-4,.Iw

from sun radiation to darkness and vice versa, and vere of & relative long duration

because of the lov heat conduction rate.

J
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